In the past few years, considerable evidence has been presented indicating that sulfobromophthalein sodium (BSP) is metabolized in the liver (1) (2) (3) (4) (5) (6) . Recently, we have demonstrated that the major pathway of BSP metabolism in man and in the rat involves conjugation of BSP with.the tripeptide glutathione (5). Similar results have been obtained by Javitt and his associates in the dog (6). Grodsky, Carbone and Fanska concluded "that BSP is excreted at least in part as a mercaptide with cysteine or the peptide glutathione," in man (4). These latter authors are not certain about the presence of glutathione, however, since they feel that glycine and glutamic acid are possible contaminants of the BSP metabolites.
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The results of the present investigation disclosed three critical features of hepatic BSP metabolism; first, an enzyme is described, identified in liver, which catalyzes the conjugation of BSP and glutathione; second, glutathione is shown to be the preferred substrate for the enzyme; finally, it is demonstrated that 1 mole of bromide ion is released from BSP for each mole of BSP-glutathione formed. METHODS 1. Preparation of liver homogenates and subcellular fractions. Adult, male, Sprague-Dawley rats were stunned by a blow on the head, their throats cut, and their livers perfused through the portal vein with 20 ml of ice-cold phosphate buffer, 0.1 M, pH 7.8. The livers were then excised and placed in cold buffer to cool. After weighing, the livers were homogenized in a Dounce homogenizer (7) with a volume of phosphate buffer equal to the weight of the liver. The resulting homogenate *This work was supported by research grants from the United States Public Health Service [H-3439] , and the American Heart Association. Part of this work has appeared in abstract form (J. clin. Invest. 1960, 39, 978) and was presented at the annual meeting of the American Association for the Study of Liver Diseases, Chicago,
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was centrifuged at 800 G for 10 minutes at -10 C.
The supernatant containing the broken liver cells minus nuclei and strands of connective tissue was called homogenate and was used as follows. For preparation of subcellular fractions, mitochondria were spun at 12,800 G for 10 minutes at -10 C in a Servall refrigerated centrifuge. Microsomes were then separated from the resulting supernatant by centrifuging at 144,000 G for 30 minutes at 00 C in a Spinco model L ultracentrifuge.
The mitochondria and microsomes were washed once in ice-cold phosphate buffer, recentrifuged at 12,800 G for 10 minutes, and at 144,000 G for 30 minutes, respectively, and after discarding the wash, were resuspended in a volume of phosphate buffer equivalent to the volume of the homogenate from which they were obtained. The fraction remaining after removal of microsomes was called the supernatant. A portion of the original homogenate was boiled for 5 minutes at 1000 C. It was then centrifuged at 144,000 G for 30 minutes. The resulting supernatant was removed and labeled KS fraction.
2. Incubation procedure. Homogenate and subcellular fractions were incubated in test tubes with BSP and other substrates at 370 C in a constant temperature water bath.
The incubation volume varied from 1 to 3 ml (see figures and tables for details of different experiments). Incubation was terminated by addition of 0.36 ml saturated ammonium sulfate and 5 ml of absolute ethanol. After thorough mixing and standing for 20 minutes at room temperature, the tubes were centrifuged at 2,500 rpm for 10 minutes. On the average, 92.5 and 97.0 per cent of added BSP were recovered in the supernatants from tubes containing homogenate and subcellular fractions, respectively.
3. Chromatography and electrophoresis of BSP coinpoiinds. Descending chromatograms of the above supernatants were made on Whatman no. 1 filter-paper strips. BSP bands were identified by exposing the dried papers to ammonia vapors. The bands were eluted into 0.1 N KOH and the concentration of BSP in the eluate determined in a Beckman DU spectrophotometer set at 575 mu. The chromatographic techniques and the methods of quantitating BSP on chromatograms have been described in detail in a previous publication (5) . Electrophoresis of BSP compounds was carried out in a Spinco model R paper electrophoretic apparatus at 500 v for 3 hours, using 5 N acetic acid, pH 1.9, as the conducting solution. Inorganic bromide was detected in incubation mixtures by paper chromatography, using 80 per cent acetone as the solvent (8) . The (-0) . Preheating liver homogenate at 1000 C for 5 minutes destroyed its capacity to catalyze conjugate formation (A----*). Figure 3 . The rate of conjugate formation increased when increasing amounts of liver were added to the incubation mixture (Figures 3 and 4) . The absolute quantity of BSP conjugated in each of three successive 5-minute intervals was greatest in the bling that of Inorganic bromide was released (luring conjugation of BSP and glutathione (Table III) . In- The distribution of enzyme activity in various tissues of the rat other than liver was examined. Small amounts of enzyme activity were found in most tissues (Table IV) . None was detectable in red blood cells. DISCUSSION A liver enzyme that catalyzes the conjugation of BSP with glutathione has been demonstrated in the present studies. Although a small quantity of BSP-glutathione conjugate is formed per unit time when BSP and glutathione are incubated in vitro, the rate of conjugation is enhanced considerably upon addition of liver homogenate to the incubation mixture. As expected in reactions catalyzed enzymatically, the rate of BSP conjugate formation is proportional to the amount of liver homogenate added to the incubation mixture, and thus presumably to enzyme concentration. Furthermore, enzyme activity is destroyed by heating liver homogenate at 100°C.
Glutathione is the optimal substrate for conjugation with BSP in the enzyme-catalyzed reaction in vitro. Cysteine and cysteinyl glycine also combine with BSP, but the rate at which these compounds form BSP conjugates is much slower than with glutathione. These observations support previous conclusions that conjugation of BSP with glutathione is the major pathway of BSP metabolism in vivo (5, 6) . A free sulfhydryl group appears to be necessary for conjugation, since oxidized glutathione, cystine and methionine do not form BSP conjugates. BSP conjugation also did not occur with glycine, glutamic acid and alanine -amino acids identified after acid hydrolysis of BSP conjugates (2-6)-a finding which further supports the conclusion that it is glutathione that is conjugated with BSP. It is of interest that most of the glutathione in liver is contained in the soluble supernatant fraction (13) . All of the BSPconjugating enzyme activity is also found in this compartment of liver cells. Such localization of enzyme and substrate is optimal for BSP-glutathione conjugation.
The release of approximately 1 mole of bromide ion from BSP for each mole of BSP-glutathione conjugate formed was regularly observed in both the uncatalyzed and enzyme-catalyzed reactions in the present studies. The release of inorganic bromide during the uncatalyzed reaction has also been reported recently by Javitt and his associates (6 BSP-conjugating enzyme has been identified in the livers of many species. It has also been found to a lesser extent in many other organs. These latter findings are consistent with the observations of Rosenau, Carbone and Grodsky, indicating that BSP metabolites may appear in blood of hepatectomized animals (14) .
The precise role of BSP conjugation in the movement of BSP from blood to bile is as yet unknown. Although it is recognized that other factors, such as hepatic blood flow and protein binding of BSP in plasma, may play a role in the hepatic uptake of BSP, the demonstration that BSP metabolism depends on glutathione and a liver enzyme suggests that the impaired removal of BSP from blood, in liver disease, may be related also to either alterations in hepatic glutathione content or conjugating enzyme activity, or both.
SUM MARY
An enzyme that catalyzes the conjugation of BSP and glutathione has been identified in the soluble supernatant fraction of liver. Glutathione is the optimal substrate. No requirement for co- factor has been demonstrated. Inorganic bromide is released from BSP during conjugation. The sulfhydryl group of glutathione appears to conjugate with BSP at the site of bromine removal.
